HAUS

a brighter way. everyday.

U.S. Department of Energy Solar Decathlon

Virginia Polytechnic Institute and State University
Construction Documents Final - June 2, 2009

111, . 14000066680

W

U/

e

\e Wfﬁ
e ‘ . szn r 4
1 \ , A A __A._ . f. .=_! !.* e

"f."’! !’ e asan -
L L L L L L b R



DRAWING INDEX

G-001
G-101
G-901
G-902
G-903

L-104
L-601

S-111
S-112
S-311
S-312
S-511

A-101
A-111
A-112
A-112A
A-113
A-114
A-115
A-116
A-117
A-118
A-201
A-202
A-211
A-212
A-213
A-214
A-311

GENERAL

SHEET LIST

TARGET MARKET DESCRIPTION
EXTERIOR RENDERING
EXTERIOR RENDERING

AERIAL RENDERING

LANDSCAPE

PLANTING PLAN
SCHEDULE

STRUCTURAL

FIRST FLOOR STRUCTURAL PLAN
ROOF FRAMING PLAN

STRUCTURAL LONGITUDINAL SECTION
STRUCTURAL TRANSVERSE SECTION
SECTION DETAIL

ARCHITECTURAL

SITE PLAN

FLOOR PLAN

ROOF PLAN

ROOF PLAN - PHOTOVOLTAIC FRAME

PLAN CONFIGURATIONS - OPERATION SCENARIOS

SHADING PLAN

FOOTPRINT AREA PLAN
CONDITIONED SPACE PLAN
REFLECTED CEILING PLAN
MATERIAL PLAN
NORTH/SOUTH SITE ELEVATION
EAST/WEST SITE ELEVATION
NORTH BUILDING ELEVATION
SOUTH BUILDING ELEVATION
EAST BUILDING ELEVATION
WEST BUILDING ELEVATION
BUILDING SECTION @ DINING

A-312
A-313
A-314
A-315
A-316
A-317
A-511
A-512
A-513
A-514
A-520
A-521
A-522
A-530
A-531
A-532
A-533
A-534
A-601
A-602

[-131
[-201
1-202
[-211
l-212
[-221
|-231
[-232
|-241
1-901

P-101
P-601
P-602

BUILDING SECTION @ BATHROOM
BUILDING SECTION @ BEDROOM
LONGITUDINAL BUILDING SECTION

WALL SECTION
WALL SECTION
WALL SECTION
WINDOW DETAIL
DOOR DETAIL
DOOR DETAIL
DOOR DETAIL
PLAN DETAIL
PLAN DETAIL
PLAN DETAIL
SECTION DETAIL
SECTION DETAIL
SECTION DETAIL
SECTION DETAIL
ROOF DETAIL
SCHEDULE
SCHEDULE

INTERIORS

BATHROOM FLOOR PLAN
LIVING SPACE ELEVATION
LIVING SPACE ELEVATION
KITCHEN ELEVATION
KITCHEN DIAGRAM
OFFICE ELEVATION
BATHROOM ELEVATION
BATHROOM ELEVATION
OFFICE ELEVATION
INTERIOR RENDERINGS

PLUMBING

SUPPLY AND REMOVAL PLAN
SCHEMATIC RISER DIAGRAM

SCHEDULE

M-102
M-103
M-201
M-601
M-611
M-612

E-102
E-103
E-104
E-201
E-601
E-604
E-605
E-606

T-601

X-103
X-201

O-101
O-102
O-103

MECHANICAL

HVAC DISTRIBUTION PLAN

RADIANT FLOOR HEATING PLAN
MECHANICAL ROOM ELEVATION
HVAC SYSTEMS SCHEMATIC DIAGRAM
HVAC EQUIPMENT SCHEDULE

HVAC DISTRIBUTION SCHEDULE

ELECTRICAL

PV WIRING PLAN
POWER/RECEPTACLE PLAN
LIGHTING PLAN

ELECTRICAL ROOM ELEVATION
THREE-LINE DIAGRAM
SCHEDULE

SCHEDULE

SCHEDULE

TELECOMMUNICATIONS
SCHEMATIC DIAGRAM

OTHER DISCIPLINES

PUBLIC EXHIBIT PLAN
PUBLIC COMMUNICATION MATERIALS

OPERATIONS

ARRIVAL SEQUENCE
ASSEMBLY SEQUENCE
DEPARTURE SEQUENCE

www.lumenhaus.com

Virginia Tech Solar Decathlon 2009

Virginia Polytechnic Institute and State University

CD 06.02.09  Final Submission

2 04.17.09
A 03.27.09

DD 02.20.09

Mark Date

Solar Decathlon 2009

Date: 06.02.09

Drawn: CEM + 00

Approved: JHW

SHEET
LIST

G-001




Location

Market I.D. Parameter I

Washington D.C. metropolitan area

Housing type

Single-family, detached house

www.lumenhaus.com
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Virginia Polytechnic Institute and State University

# of occupants

Two adults

Occupants demographic

Generation Y (25 - 30 year olds)
Baby Boomers (55 - 70 year olds)

Homeowner annual income

125K (double income couple)

# of bedrooms

one
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PLANT SCHEDULE (HYDROPONIC)
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# LATIN NAME COMMON NAME SIZE GROWING CONDITION

80 |Cladium jamaicense Saw grass 6" pots |Container grown

25 |Iris pseudacorus Yellow Iris 4" pots |Container grown

25 |lrus versicolor Blue Iris 4" pots |Container grown

75 |Juncus effusus soft rush 6"pots  |Container grown

50 |Leersia oryzoides rice cut grass 6"pots  |Container grown

50 |Typha latifolia wideleaf cattail 12"pot  [Container grown

50 |Typha angustifolia narrow leaf cattail 12"pot  [Container grown

50 |Azolla caroliniana water fern clumps [bare root in water

100 |Eichhormia crassipes water hyacinth clumps |bare root in water

100 [Pistia stratiotes water lettice clumps |bareroot in water

PLANT SCHEDULE (TERESTRIAL)

# LATIN NAME COMMON NAME SIZE GROWING CONDITION

4 Quercus phallos Willow oak 3" Cal |Container

1 Acer palmatum Japanese maple (maron) 6' 20 gal container

20 |Chrysanthemum Pompom Orange pompom mums 8" pots |orange sept. bloom
PLANT SCHEDULE (GROUND COVER)

# LATIN NAME COMMON NAME SIZE GROWING CONDITION

100 |Festuca glauca 'Elijah Blue' Blue |Blue Fescue 4"pot Container grown

150 [Mulhenbergia capillaris Mully Grass 12"pot  [Container grown

200 |Panicum virgantum Switchgrass 2gal can [Container grown

150 [Schizacharium scoparium Little Bluestem 12"pot  [Container grown

200 [Sedum Spp. Sedum 4"pot Container grown

SCHEDULES

L-601




*NOTE: THESE DRAWIONGS NAD CALCULATIONS WERE APPROVED AND STAMPED GENERAL SHEET NOTES
IN THE LAST SUBMITTAL ON DECEMBER 13, 2008 BY ARUP ENGINEERS
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*NOTE: THESE DRAWIONGS NAD CALCULATIONS WERE APPROVED AND STAMPED
IN THE LAST SUBMITTAL ON DECEMBER 13, 2008 BY ARUP ENGINEERS
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*NOTE: THESE DRAWIONGS NAD CALCULATIONS WERE APPROVED AND STAMPED <:> SHEET KEYNOTES
STEEL FRAME IN THE LAST SUBMITTAL ON DECEMBER 13, 2008 BY ARUP ENGINEERS
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PREFABRICATION

STURDY AND PERMANENT CONSTRUCTION SYSTEM
RECYCLABLE MATERIAL

FRAMES PREFABRICATED AT KULLMAN BUILDING CORPS
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OSHEET KEYNOTES

1. MOTOR DRIVE FOR GEARBOX
ACTUATORS

2. MECHANICAL LINKAGE
CONNECTING 6 IN—LINE GEAR
BOXES (TYP OF 5)

3. GEARBOX LINEAR ACTUATORS
(TYP OF 6)

4. 33"x33"x§” STEEL TUBE

5. UNIRAC SUNFRAME STRUT (TYP
OF 17)

6. 42 SANYO HIT DOUBLE
BIFACIAL PANELS

‘.\\

1

pds

QIO

N

‘ h /
/
il 4
/
/
/
/
/
/

/
AR

il
|
/
/
l
7
/
[
|

ah

ROOF PLAN - PHOTOVOLTAIC FRAME

@ SCALE: 1/4' = 10"

D

10

15

Virginia Tech Solar Decathlon 2009

Virginia Polytechnic Institute and State University

www.lumenhaus.com

CD 06.02.09  Final Submission
& 0417.09 Clarification #2
A 0327.09 Clarification #1

DD 02.20.09 Design Development
Description

Mark Date

Solar Decathlon

2009

Date: 06.02.09

Drawn: CEM + 00

Approved: JHW
PV FRAME

PLAN

A-11

2A

—




6

NS PRIVACY SCREEN CLOSED
INSULATION PANEL CLOSED

S3  SUNSHADE SCREEN CLOSED
INSULATION PANEL CLOSED

N4 SCREEN OPEN
INSULATION OPEN

S4  SUNSHADE SCREEN OPEN
INSULATION PANEL OPEN

/"1 PLAN CONFIGURATIONS - OPERATION SCENARIOS

N1  PRIVACY SCREEN OPEN
INSULATION PANEL CLOSED

ST  SUNSHADE SCREEN OPEN
INSULATION PANEL CLOSED

N2 PRIVACY SCREEN CLOSED
INSULATION PANEL OPEN

S2  SUNSHADE SCREEN CLOSED
INSULATOIN PANEL OPEN

-11 SCALE: 3/32" = 1'-0"

S

30

GENERAL NOTES

ECLIPSIS SCREEN SYSTEM:
POTENTIAL OPERATION SCENARIOS

N1 S3 SUMMER 90°
2PM

N4 S3 SUMMER 70
2PM

N3 S3 FALL RAINY WINDY 45°

N4 FALL OR SPRING 68" DAY
S4 PLEASANT DAY OR NIGHT

N1 S4 WINTER 36
SUNNY 2PM

N3 S3 WINTER 20°
NIGHTTIME

*SEE ARCHITECTURE NARRATIVE IN
PROJECT MANUAL FOR MORE
DETAIL
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GENERAL SHEET NOTES
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() SHEET KEYNOTES

1

MATERIAL PLAN
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SCALE: 1/4" = 1-0"
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1. HIGH-TOLERANCE CONCRETE
FLOOR FINISHING

2. STRUCTURAL STEEL FOR
BUILDINGS

3. STRUCTURAL INSULATED
PANELS (SIPS)

4. WOOD PATIO DECKING
5. SPRAY FOAM INSULATION

6. SLIDING ALUMINUM—FRAMED
GLASS DOORS

7. SLIDING POLYCARBONATE
PANEL ASSEMBLIES WITH
AEROGEL INSULATION

8. STAINLESS STEEL SHADING
SCREENS

9. STAINLESS STEEL ENTRY MAT
10. VENTLESS WASHER/DRYER

11. STAINLESS STEEL GRATE
(CISTERN BELOW — RAIN
WATER)

12. DUAL FLUSH TOILET

13. INSULATED GLASS UNITS WITH
AEROGEL INSULATION

14. PAPER STONE COUNTER
15. ENERGY STAR APPLIANCES
16. SLIDING CURTAIN SYSTEM

17. INSULATED GLASS WINDOW
UNIT WITH ELECTRIC TINTING
TECHNOLOGY

18. ZINC CLADDING

19. MAPLE VENEERED PLYWOOD
PANELING

20. SPACE SAVING KITCHEN
ACCESSORIES BY HAFELE

21. SOLID MAPLE CUSTOM
FURNITURE

22. STRETCHED FABRIC CEILING
ABOVE

23. RECREATED WETLANDS FOR
GREYWATER FILTRATION

24. CNC PATTERNED MDF
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OSHEET KEYNOTES
PHOTOVOLTAIC PANELS

17 DEGREE ANGLE OF INCLINATION 1. PV ARRAY W2

2. OUT RIGGER BEAM ASSEMBLY

NO EMISSIONS DURING USE PHASE ::) 4

3. METAL PRIVACY SCREEN 3

ST REQUIRES NO ENERGY TO OPERATE AND COLLECT SOLAR ENERGY 4. 7ZINC CLADDING { d
T UP TO 30% MORE ENERGY GENERATION WITH REAR PV FACE COLLECTION 5. WOOD DECK I -
6. MANUALLY OPERATED ]

DECREASED ENERGY PAYBACK TIME HYDRAULIC JACKS :

SEASONAL TRACKING FOR INCREASED SOLAR GAIN 7. -

STACK VENT 5
8. SCUPPER/ENTRY OVERHANG b

9. HANDRAIL
10. SHADED GEOTHERMAL POOL
BASIN AND COOLING TOWER
— 11. STEPS: 6” RISER/11” TREAD
5 n 12. ELECTRIC METER o I
\A-314 Q.
13. NREL GRID STATION o E
E=
c
N -
e
@ @ O:
£
HTYP T
Y f & N 7 ® Q
L e R i o
N | Qs
i -
i V4 Qs
M= // \\ T w %
i - ~ [ 8
< 3 > 4l i o | (-g
(:"") 14| e N J i 5
2 91 // \\ | O %
e ! 1 3 D
® : / : J ® ;
i // \\ (U c
| e S =5
! - cC <
@) : . ) ) =2
- t QT \\ // 9“9:
ﬁr H N 7 b ~ g:
N S 7 d - >3
b o — ]
Py ~ -
| RN e | 1) _
i N e | | _ g
T.0.C, [ ! N 1 %% 5
2'-0" - - - - - ! / H D R
L rd L sIEE 22
| T 7 T | c | S| S| D D
i Clolo|le|a
/ L T L m T T | -
(6) HEENE
) 8053 IRIRIEE
12'-0" 16'-1" 1'40" 8'-11" 256
Solar Decathlon 2009
, N Date: 06.02.09
44'-7 Drawn: CEM + 00
Approved: JHW

/"1 EAST BUILDING ELEVATION S | | .
w SCALE: 1/4" = 1-0" 0 5 10 15 ELEVATION
A-213




ZINC CLADDING

DURABLE AND RECYCLABLE

PROVIDES CORROSION PROTECTION FOR STEEL

ENTENDS LIFE SPAN OF HOUSE

DOES NOT RESTRICT RECYCLABILITY OF STEEL

OSHEET KEYNOTES

1. PV ARRAY

OUT RIGGER

METAL SLIDING SCREEN
ZINC CLADDING

WOOD DECK

MANUALLY OPERATED
HYDRAULIC JACKS

VENT THRU ROOF

S T

N

8. SCUPPER/ENTRY OVERHANG
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PV ARRAY

1.

3. POLISHED CONCRETE FLOOR

2. ROOF INSULATION
4. WOOD DECK
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TEMPERATURE SENSORS

AUTOMATIC TEMPERATURE ADJUSTMENT FOR LOW ENERGY USE

USER CAN VIEW TEMPERATURE AND OVERRIDE SYSTEM IF DESIRED

<:>SHEET KEYNOTES

1. OUT RIGGER BEAMS
2. POLISHED CONCRETE FLOOR
3. LIGHT FIXTURES
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—‘J!
.:;\'[r
DOOR AND FRAME SCHEDULE

(<) 3
DOOR/WINDOW FRAME HARDWARE ° :
FIRE O :
RATING NOTES N H
SIZE LOUVER DETAIL LABEL KEYSIDE RM 5
MARK MATL EL GLZ MATL EL GLZ SET NO NO : §
w HT THK w HT HEAD JAMB SILL 2 3

Gls & EXxtr. o sl

D1 142" 10212 | 112 | N 112" clr 1/2" T NA | NA | o0 | 85" | Double | AS12 | AS12 | AS512 3hr Pocket Sliding Glass [

D2 142" 102172" | 11720 i:ii s 112" clr 1/2" T NA | NA :ztr; 85" | Double | A512 | A512 | A512 3hr Pocket Sliding Glass (=]
|
® =

Gls & Ext -
f=

D3 210" 102172" | 11720 AIS N | Nominal 11/6" | NA | NA AI”' 85" | Double | A512 | A512 | A512 3hr Sliding Double Glass (o] >

um um. m §
(]
L2
©
Gls & , Extr. - O e
D4 210" 1021/2" | 112" S | Nominal 116" | NA | NA 85" | Double | A512 | A512 | A512 3hr Sliding Double Glass g
Alum Alum. O 2
- 2
® £
Extr. <
D5 76 102" 4 Wood | E | Nominal 11/6" | NA | NA | " |85 | Double | AS12 | A512 | A512 3hr Lrg Mech Door = 8
. >
s
o
) Extr. 9-9
D6 58 1/2" 102" 4 Wood | E | Nominal 116" | NA | NA | '~ | 85 |Double | AS512 | A512 | A512 3hr Sm Mech Door S g
' s
D7 42" 81" 11/2" | Wood | S | Nominal 11/6" | NA | NA :ztr; 85" | Double | A512 | A512 | A512 3hr Sliding Bthrm Door
; ; ; Gls & , ) Extr. | oo . 5 £
D8 54 84 2 St N Nominal 1 1/6 N/A N/A Alum 8'5 Double A512 A512 A512 3hr Main Entrance 2 2
: £ |5
w1 48" 48" 112" Gls UP | Nominal 116" | NA | N/A :Xtr' 85" | Double | A512 | A512 | A512 3hr Skylight £ g &
um. = 2
8 Sl
i ! Gls & , i Extr. ) ) 8 Elky
w2 108’ 26" 2 W | Nominal 11/6" | NA | N/A 85" | Double | A512 | A512 | A512 3hr Kitchen Window =
Alum Alum. a2 ol s
Extr Solar Decathlon 2009
w3 142" 1021/2" | 112" Gls S | Nominal 11/6" | NAA | NIA | ' | 85" | Double | AS512 | A512 | AS12 3hr Office Window D 06,0209
Drawn: CEM + 00
wa 25" 9" 2" Gs | N | Nomnal 116 | NA | NA | S | g5 | Double | AS12 | As12 | AS12 | 3hr Main Entrance Approved Sl
Alum. Flanker
w5 25" 96" 2" Gls N | Nominal 116" | NA | NA | EX | g5" | Double | AS12 | As12 | AB12 3hr Main Entrance
Alum. Flanker SCHEDULE
3 4 5 6




4 5 6
- ..1'
-
_—fI
ROOM FINISH SCHEDULE
WALLS CEILING
ROOM NO ROOM NAME FLOOR NOTES
N E S w MATL HEIGHT
| lum./ | HTC Industries; Fleetwood Aluminum Product; mg
i alum. alum./ | maple . ndustries; Fleetwood Aluminum Products, d
101 \itchen polished - p trans sfretch 85 916" 0 ° g
concrete | /glass glass ply. fabric Inc.; Extenzo Stretch Ceiling ° =
(-
102 living/dining room polished alum. | maple | alum./ o trans. sfretch 85 9/16" HTC Industries; Fleetwo.old Aluminum Products, : é
concrete | /glass ply. glass fabric Inc.; Extenzo Stretch Ceiling ° g
]
i alum. maple . HTC Industries; Fleetwood Aluminum Products, :
103 north corridor polished . Ple || ranssrelh | gy g , N =]
concrete Iglass ply. fabric Inc.; Extenzo Stretch Ceiling “
lish maple alum./ trans. stretch HTC Industries; Fleetwood Aluminum Products,
104 south corridor polished P _ _ rans s.re ¢ 8'5 9/16" . . w
concrete ply. glass fabric Inc.; Extenzo Stretch Ceiling n
olished alum. | maple | alum./ | maple trans. stretch HTC Industries; Fleetwood Aluminum Products, | =
201 bedroom P ' ' " 85 9/16" , ’ N ’ ®:
concrete | /glass ply. glass ply. fabric Inc.; Extenzo Stretch Ceiling - 2
Qs
i maple | maple | maple | maple 2
202 bathroom polished | map ' P ' maple ply. 7 HTC Indusries N:
concrete | Pply. ply. ply. ply. o
| | t tretch P tone; SAGE Electrochromics, | %g
. . maple maple rans. stretcl ' . aperstone; ectrochromics, Inc.; )
301 kitchen appliance block countertop oly. . oly glass fabric 8'5 9/16 Extenzo Stretch Celling li) %
k=
o
252 ;)/t: p. | ptd @ =
- — [&]
302 mechanical closet > _ 1/2" | 1/2"bc | ptd. 1/2" be ply. 98 1/2" Johnsonite Roundel cC ¢
rubber tile be be ply oy i
ply. ' ' (@)1=
b T
Heaglili=)
. f,tg pd. | ptd. >
303 electrical closet > _ 1/2" | 1/2"bc | ptd. 1/2" be ply. 98 1/2" Johnsonite Roundel
rubber tile bc be ply oy
ply. ' '
so||E
2|% %2
E|S| 8| 3|5
EXTERIOR FINISH SCHEDULE 218|825
£|8|&8|8 &
FACE FINISHES NOTES g § § § ™
EHEEINE
zinc cladding/sliding glass/insulation panels/metal 8|98 ‘§
north side 9 99 P RHIENZINK America, Inc.; Fleetwood Aluminum Products, Inc.; A. Zahner Co.
panels/glass Solar Decathion 2009
inc cladding/slidi lass/insulati Is/metal Date: 06.02.09
south side Zine cacdingisiding giass/nsuiation panelsimeta RHIENZINK America, Inc.; Fleetwood Aluminum Products, Inc.; A. Zahner Co. -
panels/glass Drawn: CEM + 00
Approved: JHW
west side zinc cladding/glass RHIENZINK America, Inc.; SAGE Electrochromics, Inc
east side zinc cladding/mechanical door RHIENZINK America, Inc.
SCHEDULE
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WATER TO WATER HEAT PUMP SCHEDULE

HEATING COOLING
MARK MFR MODEL VOLTS NOTES
MBtuH CcOoP KW MBtuH EER KW
P1 FHP Manufacturing Aq“:;':i‘;ww 28.8 3.37 2.48 23.6 12.9 1.82 230
HOT WATER STORAGE TANK SCHEDULE o :
-3
S :
N :
MARK MFR MODEL Type NOTES c g
Q
=
e}
P2 Buderus Logalux SM300 Heat Exchanger 8
()]
(=]
=
PLUMBING PUMP SCHEDULE % §
=)
?
Flow TOTAL HEAD MIN MOTORW VOLTS/ ey
TYPE (Model no. MIN % EFF O e
MARK ( ) AREA SERVED (GPM) (feet) Yo (hp) PHASE NOTES Ii-) %
. , cC <
P3 UP15-10SU7P/TLC Radiant Flooring 1 2.7 2.0 1/25 115/ 1 'a s
S ¢
P4 ARM 29 Geothermal Heat pumps 6 74 18.2 1/6 230/ 1
sl _|E
P5 J5S Potable Water 10.2 92.5 N/A 1/2 115/1 fg % 7% _
PRESSURE TANK ; : : ; 5
Solar Decathlon 2009
Date: 06.02.09
MARK MFR MODEL Type DOWNDRAW (30/50) MAX PSI PRECHARGE (psi) NOTES Drawn: CEM + 00
Approved: JHW
SCHEDULE
P6 Flexicon H2 PRO WWT 35 Diaphram 11.3 125 38 P
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1 2 3 5 6
RADIANT FLOOR HEATING GEOTHERMAL HEAT SINK
FLEXIBLE AND DURABLE HELPS REGULATE WATER/AIR TEMPERATURE WITHIN HOUSE x rcC
oncrete Slab
Fasteners every Note: Minimum 3/4” concrete required
2’ to 3 that th i o from top of pipe to surfoace of slab
ENHANCED TEMPERATURE TRANSFER CAPABILITY UTILIZES EARTH'S CONSTANT CORE TEMPERATURE ot float in the slab. More

ZASD 36 £00\Besign Developnent\imges\inagesforSustainableridant new-PG

4X LIGHTER THAN COPPER PIPING
EXPANDS WHEN FROZEN TO AVOID CRACKING HIGH EFFICIENCY
RESISTANT TO CORROSION DECREASED ENERGY USE

WATER FLOW IS INAUDIBLE

PREVENTS OVERHEATING AND MINIMIZES HEAT LOSS

CLOSED LOOP SYSTEM REDUCES HEAT LOSS

maybe required if pipe rises.
Ensure bends are secured.

Compact Subbase
Wire Mesh

Vapor Barrie:

Rigid Foam Board Insulation
Under Slab ond Around Edges
(Ensure compression rating Is
suitable for application)

1 RADIANT FLOOR HEATING PLAN

-103 SCALE: 1/4" = 1-0"
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| ‘ —— 2. RECOIL o, X
} } 3. RETURN AR — ;
‘ ‘ =+ =+ .:j: -
1 1 4. HEAT EXCHANGER ;
ot ————————— S —————— 1 + + I T
{ | 5. WATER—-TO—AIR HEAT PUMP -
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} \ 6. WATER—TO—WATER HEAT PUMP T
| } th 4 7. RADIANT PUMP
} } 8. HOT WATER
L= =4 al | 9. HVAC DUAL CIRCULAR PUMP
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WATER-TO—-AIR WATER SOURCE
HEAT PUMP

ENERGY RECOVERY UNIT
ENERGY RECOVERY VENTILATOR
FILTER

BLOWER

WATER—-TO—WATER WATER
SOURCE HEAT PUMP

HOT WATER TANK
CIRCULATING PUMP

I L

© o N

CIRCULATING PUMP KIT

MIXING VALVE

ISOLATION VALVE

PUMP

CHECK VALVE

TEMPERATURE SENSOR

FAN

GEOTHERMAL HEAT

EXCHANGE LOOP

RADIANT FLOOR LOOP

M%@@Zé@&%

HEAT PUMP

COOLING TOWER

HAUS
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COOLING (water-60° F, air 85° F) at | HEATING (water-60° F, air 60° F)
MARK MFR MODEL VOLT 750 CFM at 750 CFM Not
T CAPAC S CAPAC N T CAPAC N otes
(MBtuH) (MBtuH) w (MBtuH) W
1 FHP Manufacturing Aq“f\:j'us I 208 24 47 17.93 0.78 22.83 112
ENERGY RECOVERY VENTILATOR
HEATING (at 65 CFM) COOLING (at 64 CFM)
MARK MFR MODEL VAC NOTES
Wa SRE Wa TRE
3 SummerAire UltraVentor 120 84 68 70 45
FAN SCHEDULE
3s WHEEL MOTOR
MARK MFR MODEL TYPE RPM DRIVE | ZONES NOTES
(CFM) TYPE MIN W (HP) | VOLTS
DIA
. 2RREu15 reverse reverse mounted
4 Ecofit 180x35R | mounted 227 2610 Crbine 180 AC 1 49 115
HVAC AIR CLEANING DEVICE SCHEDULE (Air Filter Schedule)
FILTERS
MARK MFR NOTES
TYPE MODEL EFF HOUSING
5 GlasFlos Pleated Z-Line ZL 0.5 Aquarius Il AP
VARIABLE/CONSTANT VOLUME AIR TERMINAL UNIT SCHEDULE
COOLING HEATING COIL
WARK b WODEL | TYPE | m3is SPD m3s | EAT | LAT w LS | ewT | LwT | weD | APD | ROWS NOTES
(CFM) | (inH20) | (CFM) (MBtuH) | (GPM)
FHP Aquarius |l
6 Manufacturing | APO2S N/A 750 0.4 750 70 78 19.84 8 50 | 38 | 47 | 04 3

HVAC EQUIPMENT
SCHEDULE
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2 3 4 5
PHOTOVOLTAIC PANELS
42 PANELS COVER ROOF FOR FULL SOLAR GAIN m
CONNECTED IN SERIES FOR MINIMAL HEAT LOSS :l
SUNNY BOY INVERTERS CONVERT POWER AT 95% EFFICIENCY ‘:j: ;
GRID-TIED FOR ENERGY AND MONETARY PAYBACK :]:
s
PV-Al-3| PV-Al-4|PV-AC-3PV-AC-4|PV-A3-3PV-A3-4| PV-A4-3 PV-A4-4PV-Bl-3|PV-Bl-4 |PV-B2-3|PV-B2-4| PV-B3-3 PV-B3-4 8 E
S
]
I
£
it
®
0
0
(=]
i
I
PV-pl-2| PVTAL-3|PV-42-2PV-AC-5|PV-43-2IPV-A3-0| PV-f4-2 PV1A4-3PV-B1-2|PV-B1-5 |PV-B2-2PV-Be-5| PV-B3-8 PV1B3-3 8%
n
il sl i il 8
O e
®
=2
Q£
c:
PVAAl-1| PV-Ppl-6|PVHAC-1 IPV-42-6|PV-IA3-1|PV-43-6| PV4A4-1| PV-P4-6PV-Bl-1 |PV-B1-6 |PV-B2-1|PV-}2-6| PVAB3-1 PV-B3-6 57§
A E
> £
EIRIRE
S
5|« <|g|Z
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GENERAL SHEET NOTES

1. ALL WORK SHALL COMPLY

WITH BUILDING STANDARDS, )
PERFORM WORK IN —
ACCORDANCE WITH RULES AND _J
REQUIREMENT OF NEC 2008 & .

SOLAR DECATHLON

2. REFER TO ARCHITECTURAL
DRAWINGS FOR EXACT
LOCATION OF DEVICES AND
FIXTURES ADDITIONAL
ELECTRICAL REQUIREMENTS ON
ARCHITECTURAL AND
MECHANICAL DRAWINGS SHALL
BE INCLUDED

3. PROVIDE COMPLETE ACCURATE
TYPED PANELBOARD
DIRECTORIEES AT COMPLETION
OF CONSTRUCTION. PLACE IN
PANEL

www.lumenhaus.com

SMOKE DETECTORS 4. ALL WORK SHALL CONFORM
WITH LATEST EDITION OF THE
NORTHEAST PANEL NATIONAL ELECTRIC CODE,
NORTHWEST PANEL AND AND SCREEN MOTORS NFPA 70
SCREEN MOTOS ENTRANCE RECEPTACLES WASHER AND
DRYER 5. INSPECTOR SHALL FIELD
r\ VERIFY ALL LOCATION AND
ELECTRICAL REQUIREMENTS OF
@\ SOLAR ARRAY MOTOR MECHANICAL EQUIPMENT.
\ Ul INCLUDED ALL REQUIRED
N

REFRIGERATOR / CONNECTION, OUTLETS,
\@ / - P
S~ - —

DUTSIDE CIRCUIT DISCONNECTS AND FUSES N

n

EQUIPMENT
T — @ GEOTHERMAL AND 6. ALL SWITCH AND RECEPTABLE
) COMMUNICATIONS AND
DISHWASHER AND v T \ NTERTAINMENT / RIRCULATION BUMPS HEIGHTS SHALL MEET THE

RECEP(GFCI) CIRCUIT ( ~ }ﬁ) / REQUIREMENTS OF THE
\@ AMERICANS WITH DISABILITIES
-~ / / WAHP ACT. RECEPTACLES SHALL BE

WWHP A MINIMUM OF 15" AND

INDUCTION CDOKTOP /1©

MICROWAVE
KITCHEN RECEPTACLE \
AND LEDS (GFCD
~ N
— /
SIEMENS CONTROL

N
\ - / -
| /

SWITCHES A MAXIMUM OF 54”
ABOVE FLOOR

/

RV

o= s
w

/

& — —

/
/
|
|

|
|
|
g2
/
/
/
[ ]

RECEPTACLES AND

q;/P @/ LEDS (AFCD
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SCREEN MOTORS LIGHT/FAN

LIVING AND DU \—/DUTHEAST PANEL
BATHROOM RECEPTACLES,
SOUTHWEST PANEL AND\_/ RECEPTACLES LEDS TAPES AND AND SCREEN MOTORS
He S
Bl ¥ g
£/ S| s| &l s
HEEE
S| 5|5 2|2
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SI=IN|S| 8
g g|g|g|s
8|« <88
Solar Decathlon 2009
1 POWER/RECEPTACLE PLAN T o o
103 1 el w : I I I I I I I Drawn: CEM + 00
- SCALE 3/16 - 1 'O 0 5 10 15 Approved: JHW
POWER
PLAN

E-103




N. NORTH FLUORESCENT
LIGHTS

KITCHEN LEDS

\

N. SOUTH FLUORESCENT
LIGHTS

LED LIGHTING

LOW VOLTAGE WITH DECREASED POWER CONSUMPTION RATE
DIMMABLE TO CONSERVE ENERGY WHEN NATURAL DAYLIGHT IS INCREASED
TECHNOLOGICAL ADVANCEMENTS TO IMPROVE QUALITY OF LIGHT

USES LESS THAN 1/4 ENERGY OF FLOURESCENT BULB

PANEL LEDS

RECESSED LED
DOWNLIGHTS

- B
$
/@/,\%,\%,\%, T T T T = — —
/
[ 5
\
\ SEEEARL \
- ‘ c /—\BEDRDDM LEDS AND
\ O Trging Roon vionts 4 o3 SEDRO0M LED
/ EAE /
/ y Y|
/ T e
( ?g;hruum LEDS and
DRGNS A O fﬂ~/4%\/4>
/
g =7 — B

/’ N
¥ SO o
ELECTRICAL SYMBOLS LIBRARY

- CEILING FIXED LT

—— LED

$  WIRELESS SWITCH

Esl BATHROOM FAN

—— CEILING FIXED FLUORESCENT LT

CEILING FIXED UP LT
FIXED RECESSED LT
CONTROL BOX

LED TAPE SMART DRIVE
LED TAPE LT

B j=loles

-104/ SCALE: 3/16" = 1-0"

/"1 FLOOR PLAN - LIGHTING
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GENERAL SHEET KNOTES

Panel Group A Panel Group B

1. A #10 USE-2 A
L + L + L[ + L + + 2. B #8 THWN-2 il

3. C #6 THWN-2

T

4, FOR DETAILED

CALCULATIONS FOR WIRE
SIZES, SEE E-606

T

5. DESIGNED ACCORDING TO NEC
2008

T

() SHEET KEYNOTES

1. PV ARRAY - (42> Sonyo

190w

2. Grid Tie Inverters 2x
SMA-5000

T

3. DC Disconnect/Combiner Box
intergrated with Sunny Boy

Inverter,
1S Amp fuses

T

www.lumenhaus.com

T
f;44#4444444444_44444;44444;4444J
T
P ——_— e ]
T
S A N |
T
- ]
T
A [ |
T
) N |
T
-_— ]

[t—= - [ L= = = = 4, Load Center 120/240 Vac 2
Main Breaker Panel. :
Locate 2 30 A 2 pole
I e A e —— 0T~~~ —— Lo Lt L 7 Brkrs and 200 A Main Brkr E
| Bus Boar Rated at 225 Amps
] GRID TIE | P o
i \C”“ | d’
\/\ > \ A, #10 USE-2, #6 ground wire
H } (bare copper) n
- - ' Note:
- — , 1. Isc = 3.71 A DC. L
| ¥Conductor must be sized “ [
150A _ [
| for 371 A x 125 x 125 = - >
\ S78 A Qs
D O | 2. #10 USE-2 In Free Air is m k]
% \ rated for 55A at 30° C a
5 ‘ [AC (oeds and no more than 3 c 3
Y f |120/240 conductors in a raceway ) ©
= i 3. #10 USE-2 is roted at £
2552 A (35 A x 58 x .8 q) %
9 @ 65° C with 4 conductors — 2
‘: in a raceway © 2
SMA 5000 SMA 5000 c — 5
Inverter Inverter 304 3 B. #6 THWN-2, 3 Conductors, cC g
K] #6 ground wire in % EMT )
:L\e_ Note: (@) ©
/\) /\) o— ‘ 1. #6 THWN-2 in conduit is _t =
| rated for 75A @ 30° C > 2
e e S | and no more than 3 >
ac AC ——o30Ac— \ current carryin
ouT ouT ying
wene Gene } conductors in a roaceway
| =
| ® T ‘ 2. #6 THWN-2 is rated ot g
\ NIy } 435 A (75A x 58 @ 65° C Slylsl 5
T | and 3 conductors in o Els| sl g8l
} | raceway =228 2
IR
! FHEEEE
| B \ £ 88|83
|
\ | s|18|8|8
! | SMESSTIE
| \ g|3|g|g|S
PV- | | =
| \ 89| <|8|2
|
|
| ‘ Solar Decathlon 2009
| ! Date: 06.02.09
L — —— ] —_— ] —_—_—_————————— B Drawn: CEM + 00
! Approved: JHW
For grounding wires, #6 AWG is used for PV panel connections SINGLE POINT EARTH GROUND

- AL CONPONETS BONDED PER
= NeC

1 THREE-LINE DIAGRAM THREE-LINE
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ELECTRICAL PANEL-E SCHEDULE [240V /120 V 1PH; 200A with

150A Main]
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CIRCUIT POLES AMPS FRAME LOAD NOTES

E1

2P 20A A NorthEast Panel and Screen Door Motors GFCI
E2
E3

2P 20A A NorthWest Panel and Screen Door Motors GFCI
E4
E5

2P 20A A SouthWest Panel and Screen Door Motors GFCI
E6
E7

2P 20A A SouthEast Panel and Screen Door Motors GFCI
E8
E9

2P 30A A Solar Array Motor GFCI
E10
E11

2P 40A A Induction Cooktop
E12
E13

2P 20A A WWHP
E14
E15

2P 10A A WAHP
E16
E17

2P 20A A Geothermal and Radiant Floor Circulation Pumps
E18
E19 1P 15A A Recessed LED Downlights AFCI
E20 1P 15A A Kitchen LEDs and RECEPTACLES GFCI
E21 1P 15A A Bedroom LEDs and Receptacles AFCI
E22 1P 15A A Bathroom Lights and Receptacles/Fan AFCI
E23 1P 15A A South Fluorescent Lights AFCI
E24 1P 15A A North Fluorescent Lights AFCI
E25 1P 20A A Dishwasher and Receptacle GFCI
E26 1P 15A A Mech. Closet Receptacles and Outside Circuit GFCI
E27 1P 20A A Refrigerator
E28 1P 20A A Microwave

SCHEDULES

E-604




2 4 6
L)
o
5
Q
g
QO :
(-
LIGHTING FIXTURE SCHEDULE (Expanded) E
LAMPS Q
MARK DESCRIPTION POWER LENS FINISH MOUNTING QUANT. NOTES E
MANUF. TYPE WATTS il
L1 | Ceiling light fixture Elliptipar Cove Style F302 4x55w Adjustable reflective | Matte white Double slotted "L o4 | Large concealed, remote (1)
120V brackets ballast w
L1a Bulbs Elliptipar T5 Linear Fluorescent 14-35w N/A White Glass White Plug-in 96 Linear fluorescent light n
L 2
Lutron Electronics 120/277 V. 7 Electronic dimming ballast, “ ®
L1b Ballasts Hi-lume 3D N/A » -amps per N/A White Screws 24 performance of 100% to less - S
Company, Inc. ballast at 120 V o . . ° <
than 1% fluorescent dimming 3
(7, I
Koncept Technologies i-Tower High Power High power energy efficient c 2
LED floor lam : : i i i Weighted base i it ©
L2 p Inc. HL5000W-MBK 9.3w N/A Circular reflective Silver or Black g 1 L!ED lamp with a built-in O s
dimmer D 2
Linear LED — g
Clear i j i ici i ©Q
L3 fixtures, interior Philips Color Kinetics eW Cove Powercore 4.5w 100/ 120 / 230 VAC Gloss Grey Radialy adjustable 10 Dimmable, efficient light for @ £
4200k polycarbonate bracket interior alcoves and niches cm— O
alcoves (- fo]
>
=G
Linear LED . o
i 100/ 120 / 220 — 24 White, Black (@)]
L4 fixtures, under Philips Color Kinetics eW Profile Powercore 5.5w 00/120/220 0 Clear polycarbonate tte, Blackor Flexible mounting 11 Flexible mounting o 2
N 2800k VAC (45 — 66 Hz) Grey ==
cabinet fixture > £
s Linear LED Bhilios Color Kinetics | €Y Downlight Powercore 15 100,120,220 240, 0r | (oo Wh'ée' Br']a‘;k or Slotted o Low-profile, surface-mounted
fixtures, downlight P 2700k W 277 VAC POl rushe through-holes LED downlight
Aluminum =
slolc|E
Ceiling- t Bl kg
. ) 20-24V, PELV Snap-locks to efing-moun Ele|sl&d g
Ceiling Mount Lutron Electronics . . dual-technology sensors, 2188125
L6 LOS-CDT-500R-WH N/A low-voltage, 33 mA N/A White ceiling-mounted cover 3 . e 2 S| 2|5
Occupant Sensors Company, Inc. ) eliminates manual sensitivity EIEIEIEE
nominal plate . ) T|o|o|al8
and timer adjustments
23|13/
SIS NI
) Allowing the system to Sl=|s|al8
L7 Davlight Sensor Lutron Electronics C-SR-M1-WH EcoSystem N/A Low-voltage Class 2 N/A N/A I\/Iloutnt tw_'St'IOCk c?ver 3 automatically dim the lights - 1 o=
vig Company, Inc. ¥ 20V, 33 mA nominal plate using mounting when the available daylight is I
screws high
'9 Solar Decathlon 2009
Date: 06.02.09
" available in 7 allows you to create custom
Lutron Electronics 600w . . .
L8 Wireless Dimmer Company. Inc Mngagggl\o/l %X capacit N/A N/A Gloss and 20 Wall mount 3 light control solutions for a Drawn: CEM + 00
pany, Inc. - - pacity Satin Colors single room or multiple rooms Approved: JHW
Lutron Electronics Maestro available in a
i i Free standin Mobile light control
L8a Wireless Controller Company, Inc. MRFE2-3BRL-L-XX N/A N/A N/A varletycglfosrtsandard g 3 g SCHEDULES
2 4 6




WIRE AND CONDUIT SIZING

Wire Schedule

VOC AND ISC CALCULATIONS

Solar Panel Group A

EQUIPMENT SCHEDULE

Sanyo HIT Double 190 Solar Panels

NMHAUS

#10 USE-2, #6 ground wire (bare copper) 6 Panels per series string Ratings @ 25° C

Note: 4 strings in Parallel Pmax 190 W

1. Isc =3.71 A DC. *Conductor must be sized for 3.71 Ax1.25x1.25=5.78 A Voc calculation based on -28°C (coldest Blacksburg, VA temp.) Vpm 553V

2. #10 USE-2 In Free Air is rated for 55A at 30° C and no more than 3 conductors in a raceway *Voc = 1.25((0.170 x 53° + 68.1) x 6) = 578.325 V Ipm 3.44 A

3. #10 USE-2 is rated at 25.52 A **(55 A x .58 x .8) @ 65° C with 4 conductors in a raceway Voc 68.1V
#6 THWN-2, 3 Conductors, #6 ground wire in % EMT Isc based on 65° C Isc 3.71A
Note: **Isc(per String) = 1.25((.85mA x 40°) + 3.71) = 4.68 A Series fuse rating 15A

1. Continuous AC Output | = 21 A. Conductors must be sized at least 21 A x 1.25 = 26.25A Temperature Coefficient (Voc) -0.17V/°C
2. #6 THWN-2 in conduit is rated for 75A @ 30° C and no more than 3 current carrying conductors in a raceway Isc (group total) = 4.68 x 4 = 18.72 A Temperature Coefficient (Isv) 0.85mA/°C

3. #6 THWN-2 is rated at 43.5 A ***(75A x .58) @ 65° C and 3 conductors in a raceway

Solar Panel Group B

SMA 5000 US Inverter with DC Disconnect/Combiner

*Temperature correct factors found in 690.8 (NEC 2008) 6 Panels per series string Ratings
**Adjustment factor from Table 310.15(B)(2)(a) (NEC 2008) 3 strings in Parallel Max PV power 6250 W
***Adjustment factor from Table 310.16 (NEC 2008) Voc calculation based on -28°C (coldest Blacksburg, VA temp.) Max D.C Voltage Input 600 V
Voc = 1.25((0.170 x 53° + 68.1) x 6) = 578.325 V Peak Power Tracking 250-480 V
DC. Max Input Current 21A
Isc based on 65° C Number of Fused Series Strings 4 circuits fused and 15 A
Isc(per String) = 1.25((.85mA x 40°) + 3.71) = 4.68 A AC Maximum Output Current 21A
AC Nominal Power 5000 W
Isc (group total) = 4.68 x 3 = 14.04 A Efficiency 96.80%

*Calculated using Temp. Coefficient and derating factor from 690.7 (NEC 2008)

**Calculated using Temp. Coefficient and derating factor from 690.8 (NEC 2008)

Inverter Output Breaker Rating

I=21A* 1.25 = 26.25 A: Use 30 A Breaker

Load Center Rating

Voltage 240/120 V
Current 200 A
Conductor 225 A

Maximum Infeed with Backfed Breakers

1=225x1.25=281.25A

Sum of Infeed Current

=200+ 60 =260 A

-
L
a brighter way. evarydday.

Yy
Il ! ]
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e
> INFORMATION T :
DISPLAY / TV U BREAKER PANEL 5
IPHONE — \
— * DISPLAY FOR HOUSE DATA « CONNECTION WITH EXTERNAL POWER GRID 5
o MAIN USER INTERFACE o * ENTERTAINMENT HUB :
J ()
ﬂ’ _I ROUTER (MUSIC, TV, ETC.)
((‘-WIRELESS RECIEVER ))) FUJITSU I
AND TRANSMITTER TABLET PC
INTERNET .

WITH WEB INTERFACE
SOFTWARE

.° . \ RELAY AND POWER
Tl (((-HOME COMPUTER ( ~» MONITORS

o STREAMING MUSIC &

www.lumenhaus.com

o WEATHER FORECAST -)))

ENTERTAINMENT e RECORDING AND CONTROL OF POWER

e DAYLIGHT

" HUMIDITY 24l LUTRON MOTION
Lu1l':z\0N CONTROLS e ACTIVE CLIMATE CONTROL STRATEGIES

CONSUMPTION
SIEMENS FIELD SN LUTRON LIGHTING
= e
Ml STATION oo
— MAIN PORTAL FOR CONTROL OF e « LED, FLUORESCENT, AND
MEASURING N | 3 M E (\\YJ HOUSE sYSTEMS PHOSPHOROUS STRIP LIGHTING
EXTERIOR: CONTROLS
* WIND * ELECTRIC DIMMER BALLAST
* TEMPERATURE
* BAROMETRIC  \ oy
* PRESSURE L_)
HVAC CONTROLS

Virginia Tech Solar Decathlon 2009

Virginia Polytechnic Institute and State University

INTERIOR * HUB FOR CONTROL OF DYNAMIC —)
= SENSORS HOUSE COMPONENTS \ SECURITY
MEASURING I I 2
INTERIOR: * RFID CONTROL/MANAGEMENT slels £
« DAYLIGHT S « OFF-SITE SECURE ACCESS TO SYSTEM HEEHE
* TEMPERATURES INSULATED  [55 SUNSHADE/ MOTORIZED e
oAy PANEL HH PRVACY SCREEN ’I CURTAINS Colola
OCCUPANCY HEENE
LOCATION * PASSIVE TACTIC FOR * PASSIVE INSOLATION * DAYLIGHTING CONTROL SIE1E5)
« MEAN RADIANT INCREASING INSULATION CONTROL STRATEGY * PRIVACY STRATEGY SN
TEMPERATURE VALUE * PRIVACY STRATEGY Solar Decatlon 2009

Date: 06.02.09

Drawn: CEM + 00

Approved: JHW
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GENERAL SHEET NOTES

1. ALL OPENING TO BE 3'-0"
MIN

2. RAMP & BRIDGE TO BE 5'-0"
MIN CLEARANCE W/ HANDRAIL

OSHEET KEYNOTES

- - - - | - + - + - + + = -
N e
\\\\\\ i 4; - :;H ;7 ;!
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N T 0 N
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PUBLIC EXHIBIT PLAN

-10

SCALE: 1/8" = 1-0"

20

1. SIGNAGE ON FRONT OF HOUSE
WILL DISPLAY THE CONCEPT &
ENGINEERING SYSTEMS OF THE
HOUSE, SO THAT THE VISITORS
HAVE KNOWLEDGE BEFORE
ENTERING

2. CONTROL QUEUE & ANSWER
AND QUESTIONS REGARDING
THE HOUSE

3. FRONT ENTRANCE - DISCUSS
CONCEPT OF THE HOUSE

4. SIGNAGE NEAR FRONT
ENTRANCE WILL DISPLAY
SPONSORS

5. LIVING ROOM/KITCHEN —
DISCUSS SCREENS/CONCEPT
OF SOLAR

6. VIDEO LOOPING ABOUT
CONCEPT/CONSTRUCTION
PROCESS

7. BEDROOM — DISCUSS PLAN,
SCREENS/CONCEPT OF HOUSE

8. MECHANICAL CLOSET —
DISCUSS GEOTHERMAL SYSTEM

9. AUTONOMOUS VEHICLE —
DISCUSS TRANSPORTATION
SYSTEM
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/"1 CONSTRUCTION - FOOTINGS

-10 STEEL GRATE FOOTINGS/FOUNDATIONS
ARE PLACED BY HAND AND INDIVIDUALLY

LEVELED. CAB AND BOGEY ARE REMOVED.

/"2 CONSTRUCTION - DECK JACKS

-10 DECK JACKS ARE PLACED IN POSITION. ALL
UNDER-DECK WATER TANKS ARE INSTALLED BY
HAND OR WITH USE BY FORKLIFT.

/"3, CONSTRUCTION - DECKING

-10 PREFAB DECKING PANELS ARE DROPPED IN
PLACE ON JACKS AND RAMPS AND STAIRS
ARE INSTALLED.
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